slaughtered pigs devoted to the production of protected designation of origin (PDO) hams. Parma, San Daniele and Toscano are the three most important Italian PDOs, with over nine million thighs processed for Parma ham, followed by San Daniele (over 2.5 millions) and Toscano (almost 300,000) [2] . Protocols, specifications and control systems included in the PDOs ensure high-quality standards, reproducible and typical characteristics, which are appreciated by local consumers and promote diffusion of these Italian food products in the world.
Introduction
Dry-cured ham is a traditional and largely consumed product in southern Europe and represents a major item of the meat industry in the Mediterranean area [1] . Italy is a primary dry-cured ham producer, with almost 50 % of Salting is one of the key processing steps of ham production for several reasons: NaCl has a bacteriostatic function and inhibits growth of pathogenic germs; it drives the dehydration process of the meat while reducing the water activity, thus preserving meat from degradation; it contributes to the overall sensory quality giving ham its characteristic salty taste and acting as aroma enhancer [8] ; it affects the rate and extension of enzymatic and chemical reactions such as proteolysis and lipolysis, which are in turn related to flavor formation and textural characteristics [9, 10] ; it is involved in the typical dark red color formation [11] . According to PDO requirements, the final products are mainly distinguished by NaCl content, which must be comprised in specific ranges for the three PDOs (4.5-6.4 % in Parma, 4.9-6.9 % in San Daniele and maximum 8.3 % in Toscano).
The effect of different processing technologies on the physicochemical and sensory properties of dry-cured hams has been investigated in several studies [12] [13] [14] [15] [16] [17] [18] . A number of studies have been carried out to investigate the development of volatile components, physicochemical and/or sensory properties during ripening of Spanish, American and Italian dry-cured hams [19] [20] [21] [22] [23] [24] . From the literature, it is known that the volatile compounds of dry-cured hams belong to eight chemical families: aldehydes, alcohols, hydrocarbons, ketones, esters, sulfur compounds, carboxylic acids and terpenes [25, 26] . During processing, the aromatic profile evolution is due to biological and chemical changes. An intense proteolysis has been reported, especially during the initial seasoning period, whereas lipolysis of adipose tissue is mainly observed in the processing steps of salting and resting, when a substantial increase in free fatty acids occurs [27] . One of the most important reactions involved in the aroma development is the autoxidation of unsaturated fatty acids yielding the formation of secondary products such as shortchain hydrocarbons, aldehydes, ketones, acids, alcohols and furans; moreover, the oxidative deamination-decarboxylation of amino acids via Strecker degradation involves the formation of aldehydes and ketones. Aldehydes may also result from the reaction between proteins and carbohydrates [25] .
Some studies evidenced that a longer maturation phase yields better aroma and taste properties, as well as better texture characteristics of dry-cured hams [21, 22, 28] .
Little information is available about the comparison of the Italian PDOs during processing, though these products are well identified and recognized by consumers. Therefore, the purpose of the present study was to monitor the evolution during ripening of the main physicochemical (moisture, water activity, NaCl concentration, pH), morphological (image analysis) and aromatic (electronic nose) characteristics of Parma (P), San Daniele (SD) and Toscano (T) hams, considering the entire ham slices as well as the main muscular areas, corresponding to biceps femoris and semimembranosus muscles.
Materials and methods

Dry-cured hams
This study was carried out in the frame of a larger research program, concerning the characterization of dry-cured hams belonging to the three main Italian PDOs (Parma, San Daniele and Toscano). In order to standardize the raw material (pig thighs) and eliminate sources of variability other than the typical PDO processing conditions, all thighs were obtained from pigs belonging to Italian Landrace × Italian Large White cross-genotype, reared in the same farm and fed with a standard cereal-soybean-based meal. Pigs (at least 9 months age and 160 kg weight, according to PDOs requirements) were slaughtered in the same period, under similar and controlled conditions, and all thighs were evaluated at the plant entrance for their compliance to the PDO rules for raw thigh acceptance (these rules are similar for all PDOs). Weight and circumference average values of the thighs after trimming were 13.0 ± 1.0 kg and 88.0 ± 3.0 cm, respectively. Length average value for P and T thighs was 48.9 ± 2.3 cm, whereas average length of SD thighs was 69.6 ± 3.8 cm, due to the presence of the trotter. From slaughtering onward, processing of dry-cured hams was performed following the three PDO protocols.
Sampling procedure
For this study, 64 thighs, obtained as reported above, were processed and evaluated. Four thighs were sampled at t0 and corresponded to the initial point for all PDOs (Table 1) ; the remaining 60 thighs were processed according to the three PDO protocols (20 thighs for each PDO). At each sampling time from t1 to t5 (Table 1) , four hams for each PDO were taken from the processing plant and used for analysis. The four hams for each phase and PDO were analyzed separately; therefore, each result was obtained as the average value of the four replicates. To obtain the samples, hams were cut transversally from the thigh at about 8 cm from the femoral head. A slice of about 5 cm thick was obtained from each thigh; slices were coded, vacuum-packed, frozen and stored at −18 °C. Prior to analysis, samples were thawed for 24 h at 4 °C. The image was first acquired on the entire slice for morphological evaluation; the slice was then deboned, and a first 3-mm slice was cut by a slicer and discarded. The image was acquired again for color evaluation, and then slices (5 or 10 mm thick) were cut and used for e-nose and analytical determinations. The e-nose evaluation was carried out on whole slices (comprising the subcutaneous fat); physicochemical analyses were performed on the whole defatted slice (lean part) and on two specific regions, corresponding to biceps femoris muscle (BF) and semimembranosus muscle (SM) (Fig. 1) . To obtain the lean part, the subcutaneous and intramuscular fat was manually removed from a 5-mm-thick ham slice by a knife and the lean part was homogenized by Waring blender. To obtain BF and SM samples, the corresponding areas ( Fig. 1) were isolated from a 10-mm-thick slice with a knife, and each portion was homogenized by Waring blender.
Physicochemical analyses
Moisture content was determined by drying about 3 g of sample to constant weight, following AOAC procedure [29] .
Water activity was determined by a dew point hygrometer (AquaLab, Decagon Devices Inc., Pullman, WA, USA), calibrated with standard solutions (a w = 0.984 and a w = 0.760), at 25 °C.
pH was determined directly on the homogenized sample by a pH meter (PHM62, Radiometer, Copenhagen, Denmark), using an electrode for solid material.
NaCl content was determined as chloride concentration by Volhard titration [30] . Samples were extracted as described by Vestergaard et al. [31] with minor modifications, as previously reported [32] . Results were expressed as NaCl g/100 g.
All determinations were carried out in triplicate.
Electronic nose analysis
Measurements were taken with Portable Electronic Nose (PEN2) from Win Muster Airsense (WMA) Analytics Inc.
(Schwerin, Germany), as previously reported [32] . E-nose evaluation was carried out in duplicate on two slices for each ham, and the average of the sensor responses was used for subsequent statistical analysis.
Image analysis
Images were acquired using a digital color camera (Scion 1394 Fire wire Camera; Scion Corporation, USA), with maximum resolution (1600 × 1200 pixels) in jpeg format, operating as previously described [32] . Morphological data were collected on the whole slice and on two specific regions, corresponding to BF and SM muscles (Fig. 1) . Total area, lean area, subcutaneous fatty area and the ratio between length and width were measured on the whole slice. The area and the ratio length/width were also measured on BF and SM muscles.
For color evaluation, a second image was taken from a freshly cut slice to get the values of red (R), green (G) and blue (B) components of lean and subcutaneous fatty areas. Data were expressed as RGB intensity mean value (average of RGB values), corresponding to color intensity.
Images were processed using Image-Pro Plus 6.2 (Media Cybernetics, Inc. Bethesda, MD, USA).
Statistical analysis
Physicochemical and image analysis data were submitted to generalized linear model (GLM) considering Replicates (hams), PDOs (Parma, San Daniele and Toscano), Time (t0-t5) and the interaction PDO × Time as factors and parameters as dependent variables. Replicates were considered as random factor in the model and nested within PDO. When a factor was found to be significant (p < 0.05), t tests were used as multiple comparison test (pdiff SAS LS-means option). The SAS/STAT statistical software package version 9.3 (SAS Institute Inc., Cary, USA) was used.
Data obtained by e-nose were elaborated by principal component analysis (PCA). The MINI TAB 14, version 12.0, statistical software was used. 
Results and discussion
Physicochemical analyses
The evolution of physicochemical characteristics, i.e., moisture content, NaCl content, water activity and pH, during processing of the three dry-cured ham PDOs was evaluated by analyzing thighs immediately after slaughter and at five subsequent phases (Table 1) . F values with relevant significance for each physicochemical parameter as obtained by GLM analysis are reported in Table 2 . The factors Time, PDO and the interaction Time × PDO were significant for all parameters with the exception of pH, which varied only according to Time. The factor Replicates (hams) was always not significant. Mean values for each physicochemical parameter evaluated on the whole slice by PDO and processing phase are shown in Table 3 .
Concerning NaCl concentration, the initial content in the fresh muscle (t0) is lower than the detection limit. NaCl content increases after the salting phase (t1) and continuously until the end of ripening in all PDOs. It is also evident that NaCl concentration is significantly higher in T than in both P and SD hams (which in turn are comparable), starting from t1 and all along the processing period. This is due to the fact that three subsequent salting steps are carried out during 25 days for T ham manufacture, whereas P and SD thighs are covered with salt in a two-step intervention and the salting phase is shorter (generally 21 and 14 days for Parma and San Daniele hams, respectively). At the end of the process, T ham shows a NaCl concentration which is almost double with respect to the other PDOs, which show a similar salt content.
From Table 3 , it can be observed that moisture content decreases during processing in all samples, starting from 71.12 g/100 g in the fresh thigh (t0) and reaching final values of about 54-55 g/100 g (t5). T hams show the fastest decrease in moisture content, and this can be due to the previously mentioned differences in the salting phase; nevertheless, final moisture values are similar in the three PDOs. Due to the simultaneous decrease in moisture content and increase in NaCl concentration, water activity values decrease during the processing period, from the initial value of 0.991 (t0) to final values ranging from 0.873 in T hams to 0.928 and 0.935 in SD and P hams, respectively. Our data put in evidence that final aw values are mostly influenced by final NaCl concentrations: All PDOs show similar final moisture content but have different NaCl concentrations; in particular, T hams show the highest NaCl content which corresponds to the lowest water activity. pH values show minor changes during processing, and no significant differences were observed between the three PDOs. It is well known that salting is a key step in drycured ham processing, contributing to microbial stability and to the sensory characteristics of the final product. The lowering of water activity produced by the simultaneous increase in NaCl and decrease in water concentrations assures bacteriostatic conditions and prevents spoilage of the meat. From the sensory point of view, NaCl contributes to the salty taste of hams and plays a major role in the textural properties of the end-products. It is known that main changes in the textural properties of ripening hams are due to water loss, which causes hardening of the product, and proteolysis, which in turn determines softening of the product [17, 19, 33] . Both dehydration and proteolysis are affected by the rate of diffusion and final NaCl concentration in the hams. Various studies demonstrated that hams with high NaCl content are characterized by harder texture and lower moisture content [19, 33] . This is mainly due to the inhibition of proteolytic enzymes caused by water loss and lowering of a w values, which are directly related to the intensity of salting. The effects of NaCl concentration on the quality characteristics have been especially studied in Iberian hams [34] , which have NaCl content (8-15 % on dry weight of the lean part) similar to T hams. Various studies have demonstrated that higher NaCl concentrations produce dry-cured hams with higher hardness [9, 19, 34] , whereas insufficient NaCl concentration yields excessive softness and pastiness and taste defects such as bitterness and metallic flavor, which are ascribed to extended proteolysis [15, 35] . The evolution of physicochemical parameters in BF and SM muscular areas is shown in Fig. 2, together with the values referring to the whole slice.
Graphs in Fig. 2a show the comparison of NaCl diffusion in the different muscular areas of the thigh in the three PDO hams. In all cases, SM muscle, which is not protected by the skin and the fat and is directly exposed to the salting mixture, shows the deepest increase in NaCl concentration, which reaches maximum values at t2 (resting) in P (3 g/100 g) and SD (2.3 g/100 g) and at t1 (salting) in T (3.9 g/100 g). The subsequent decrease in salt concentration in SM muscle is due to its diffusion into the inner parts of the thighs, as evidenced by NaCl evolution in BF muscle. In this area, NaCl increase is slower and almost linear up to t4 (pre-seasoning) in all PDOs. At this time, the two muscular areas considered in the study show similar NaCl concentrations, which are representative of the NaCl content of the whole slice. Further increase in salt content in all areas up to the end of ripening is due to water loss. Comparison between NaCl profiles in P and SD hams shows that, despite similar salting procedures and final NaCl concentrations, salt diffusion in SD thighs is more homogeneous during the early processing phases: At t2, NaCl concentration gradient between BF and SM is higher in P than in SD thighs, also considering that t2 is 60 days for P and only 40 days for SD. This can be ascribed to the pressing operation (typical for SD hams) and to manual and mechanical handling of the thighs during the salting phase. T hams show NaCl profiles in the two muscular areas which are more similar to those observed in P hams, with higher salt concentrations due to the three-step salting procedure and the longer salting time. Ruiz-Ramirez et al. [9, 17] studied the relationship between water content, NaCl content and textural parameters in dry-cured hams as well as in SM and BF muscles, finding positive correlation between the amount of added NaCl and final hardness and negative correlations between NaCl content and springiness and cohesiveness. They also observed different proteolysis indexes between SM and BF muscles, due to differences in NaCl absorption. Our data give additional information about the kinetics of NaCl absorption and water loss in the two main muscular areas of dry-cured PDO Italian hams: These phenomena are related to the typical sensory characteristics of end-products, which have been specifically studied, as reported in other papers [32, 36] . Concerning the textural characteristics, the sensory evaluation puts in evidence that T ham was perceived as more fibrous, drier and harder than P and SD hams. Equally, T ham was characterized by the highest and lowest values of salty and sweet taste, respectively. The sensory evaluation also demonstrated that P and SD hams were similar for most of the attributes except for saltiness, sweetness and dryness, P ham being perceived as significantly sweeter and less salty and dry than SD ham [32] . Moisture content evolution is shown in Fig. 2b . For SM and BF areas, data were collected starting from t1, but this does not preclude the analysis of water loss rates during processing. It can be observed that moisture content in SM and BF is different since the salting phase (t1) up to the end of ripening (t5), in all PDOs. The direct exposition to NaCl produces a fast dehydration of SM muscular area, and water loss is continuous up to t4, when moisture values close to the final ones are reached. The final moisture content in SM is similar in all PDOs, ranging from 52.4 to 52.9 g/100 g. On the other side, BF region is much more hydrated than SM region; in this area, water loss occurs progressively in the course of processing and final values are much higher, ranging from 57.9 g/100 g in P hams to 62.5 g/100 g in T hams. Values of water activity referring to SM, BF and the whole slice are shown in Fig. 2c . For this parameter too, differences can be observed between SM and BF regions; these differences are progressively reduced and final aw values can be considered in equilibrium in the whole ham. The evolution of aw values seems to be mostly related to the evolution in NaCl concentration: Lower aw gradients between SM and BF are observed in SD hams, corresponding to lower NaCl gradients, and final aw values in T hams are lower than in SD and P hams because final NaCl concentration in T hams is higher, whereas moisture content are similar in all the PDOs.
Image analysis
The evolution of morphological parameters of the three PDOs was evaluated by image analysis on samples collected immediately after slaughter and during processing. F values with relevant significance for each morphological parameter as obtained by GLM are reported in Table 4 . The factor Time was significant (p < 0.0001) for all parameters, whereas PDO significantly influenced the total area and the ratio length/width. The interaction Time × PDO was significant (p < 0.001) only for the ratio length/width, indicating that the evolution over time of this parameter differed according to PDO. Mean values for each morphological parameter evaluated on the whole slice by PDO and processing phase are shown in Table 5 . Concerning the evolution of the total area, a decrease during processing can be observed in all PDOs, starting from about 750 cm 2 in the fresh thigh (t0) and reaching final values (t5) of about 460, 485 and 395 cm 2 for P, SD and T ham, respectively. A similar trend can be observed considering the evolution of the lean area; starting from the initial value of about 510 cm 2 , a fast decrease is evident after salting (t1) and resting (t2) in all PDOs, and then a further decrease can be observed during seasoning (t4 and t5) for T ham in particular, which reaches a final lean area of about 260 cm 2 . In all PDOs, fatty area reduction is due to trimming (t1), which endows the ham with its typical shape by removing part of the fat and the skin. Considering the evolution of the ratio between length (major axis) and width (minor axis) of the slices, a significant and progressive increase can be observed for the three PDOs during processing, reaching the maximum value at the end of ripening. In particular, the highest length/width ratio reached by T ham (2.71) may depend on the fact that high NaCl concentration has an inhibitory effect on proteolytic activity and favors aggregation of myofibrillar proteins [15, 35] ; for SD ham, the high ratio (2.36) can also be related to the pressing phase typical of this PDO. From the comparison of the three PDOs, it is evident that at the end of the ripening (t5), T ham is characterized by the lowest total and lean area and the highest length/width ratio, while the morphological characteristics of P and SD hams are more similar. Figure 3 shows the morphological data referred to BF and SM muscles. Graphs in Fig. 3a show the comparison of the area evolution of the two muscles in the three PDOs. For each PDO, the two muscular areas follow a similar trend during processing, showing a fast decrease during salting (t1) and resting (t2). At the end of ripening (t5), percentage area reduction is similar for the two muscular areas and ranges from about 50 % for T ham to about 40 and 37 % for SD and P ham, respectively.
Graphs in Fig. 3b show the length/width evolution of SM and BF during processing. Considering the three PDOs, a similar trend can be observed for the two muscles; in particular, the fast increase in length/width observed after salting (t1) can be related to the trimming process and to salt diffusion with consequent muscle dehydration. A further increase in length/width ratio in BF, up to the end of ripening, is probably due to the slow increase in NaCl concentration in this muscle, with consequent dehydration. Color data collected during processing are shown in Fig. 4 . Considering the lean area (Fig. 4a) , a progressive and similar decrease in RGB intensity mean (IM) can be observed for the three PDOs up to the drying phase (t3), and then a further decrease can be evidenced during seasoning (t4 and t5), for T ham in particular. At the end of ripening, T ham is characterized by a lower RGB intensity mean value, which implies a darker color of this PDO compared to P and SD hams. This result is in accordance with those of the sensory study conducted on the three PDOs and reported in a previous paper [32] . The literature data report that color changes occurring during processing are related to the increased concentration of the pigments due to dehydration and muscle shrinkage; in addition, color intensification is due to the gradual transformation of muscle myoglobin throughout the ripening period, resulting in darker myoglobin derivatives [37, 38] . Figure 4b shows the RGB intensity mean of the subcutaneous fatty area during processing. A similar trend can be observed for the three PDOs, showing a progressive decrease, in particular for T ham. This evolution corresponds to a progressive variation of the color of subcutaneous fat that becomes yellowish at the end of ripening, as shown by the sensory evaluation [32] .
Electronic nose analysis
To evaluate the aromatic profile evolution of P, SD and T hams, e-nose data collected during processing were elaborated by PCA. Figure 5 shows the score plot (a) and loading plot (b) in the area defined by the first two principal components (PC1 and PC2, 84.7 % explained variance). The score plot (Fig. 5a) shows the ability of e-nose to follow the evolution of the aromatic profile of the three PDOs; samples are distributed on PC1 from left to right according to the processing phases and three clusters can be identified. The fresh thigh (t0) and the samples collected after salting (t1) and resting (t2) are located in the negative part of PC1 and are characterized by a similar aromatic profile; considering this cluster, T t1 and t2) are the only ones partially discriminated, showing a more rapid evolution of volatile compounds in the early phases of ripening as evidenced by Pugliese et al. [2] . From loading plot (Fig. 5b) , it can be noticed that the samples belonging to the first cluster are mainly characterized by WC sensors (W1C, W3C, W5C), sensitive to aliphatic, aromatic and slightly polar compounds. The second cluster, located in the upper right quadrant of the score plot (Fig. 5a) , is composed by samples collected after drying (t3) and pre-seasoning (t4); the aromatic profile of the three PDOs in these two phases is similar and probably it is mainly related to aldehydes, produced up to 6 months of ripening, and esters, formed during seasoning [2, 24] . Considering the loading plot (Fig. 5b) , the volatile compounds of the second cluster are perceived by W1S sensor, characterized by a broad range of sensitivity, and by W2W sensor, sensitive to sulfur organic compounds. The third cluster, located in the lower right quadrant of the score plot (Fig. 5a) , is composed by samples collected at the end of ripening (t5) and characterized by a typical aroma that cannot be ascribed to few compounds, but depends on a large number of volatiles present in proper amount and proportion. Considering the three PDOs, it can be noticed that SD is discriminated by P and T hams, which are closely located and characterized by a similar aromatic profile. The sensory evaluation carried out on the same end-products in a previous work [32] did not evidence significant differences in odor and flavor descriptors, while the three fully ripened PDO hams could be discriminated by e-nose evaluation; in particular, the PCA elaboration of e-nose data of the three products clearly separated SD from T and P hams [32] .
The literature data report that alcohols are the most abundant volatiles of SD ham, representing about 40 % of the total volatile fraction; their percentage is significantly higher than in other Italian and European hams, and their presence is probably due to the high degree of lipid oxidation [39] . Aldehydes are the most representative volatile compounds in P and T hams [2, 23, 24] , and their presence is probably related to proteolysis and amino acids degradation [26] . Esters are present to a much higher extent in P and T ham compared to SD [38] . Sulfur compounds have been detected among P ham volatiles [24] , while a large amount of organic acids, arising from lipid oxidation and from the hydrolysis of triglycerides, has been identified in T ham similarly to Iberian dry-cured ham [2] . The complexity of the aromatic profile of the ripened hams is clearly highlighted by the electronic nose since the majority of the sensors (W1S, W2S, W3S, W5S, W1W) characterize the three PDOs final products (Fig. 5b) .
Relationship between physicochemical, morphological and aromatic data
In order to obtain a more exhaustive characterization of the three PDOs, physicochemical, morphological and aromatic data collected during ripening were jointly elaborated by PCA.
The score and loading plots in the plane defined by PC1 and PC2 (75 % explained variance) are shown in Fig. 6 . Considering the score plot (Fig. 6a) , a similar evolution on PC1 and PC2 can be observed for the three PDOs during processing. Moving on PC1 from right to left, the fresh thigh (t0) and the samples collected after salting (t1) and resting (t2) are discriminated by samples gathered after drying (t3), during seasoning (t4) and at the end of ripening (t5). Comparing the three PDOs, it can be observed that T ham shows a more rapid evolution during the early phases of production (t1 and t2), while P and SD hams are characterized by a more similar trend. At the end of ripening (t5), the three PDOs are discriminated on the negative part of PC2 and appear scattered in the third quadrant. From the loading plot (Fig. 6b) showing the relationship between variables, it can be observed that in the positive part of PC1, the morphological parameters (total, lean and fatty area) are correlated to moisture content and a w and, together with the WC sensors, characterize samples in the early ripening phases. On the opposite side of PC1, NaCl is correlated to length/width ratio and inversely related to moisture, a w and to the morphological (total, lean and fatty area) and color parameters. These variables, together with the WW and WS sensors characterize samples after drying (t3), during seasoning (t4) and at the end of ripening (t5). The final products are well discriminated from the unripened products and are well separated one from another. All final products are characterized by WS and W1W e-nose sensors. The ripened T ham, located at the very left of the plot, is typified by the highest NaCl content and lowest a w , total and lean area and RGB intensity mean.
Conclusions
Characterization of Italian dry-cured hams belonging to the three main PDOs during processing indicates that chemical, morphological and aromatic parameters show a similar evolution. T ham is distinguished by higher NaCl concentration, starting from the salting phase and all along the processing period. Consequently, aw values are the lowest in this PDO. Changes in morphological parameters (area, shape) and color progressively occur during processing and are more pronounced in Toscano ham. The two main muscular areas (SM and BF) are differently affected by NaCl diffusion and moisture loss, and these differences are progressively reduced during ripening. A clear evolution of aroma of the three PDOs has been observed by e-nose, and the complexity of the aromatic profile of the ripened hams is clearly highlighted. Taking into account all the evaluated parameters, Toscano ham is more discriminated from Parma and San Daniele hams; significant differences are evidenced in the early processing stages and in the final product, due to the specific manufacturing process which implies a longer salting phase. Considering that the sensory properties of PDO hams play a pivotal role in consumers' preference and choice, the availability of ready-to-use analytical methods for the characterization of sensory profiles is a growing need. Sensory evaluation and physicochemical analysis provide useful information, but are labor-and time-requiring; the use of artificial senses, such as electronic nose and image analysis, allows a rapid assessment of aromatic and visual characteristics of hams during processing. In particular, due to its nondestructive nature, electronic nose could be applied for the online monitoring and control of ham ripening.
